Investigating visual-tactile interactions over time and space in adults with autism.
A large body of research has characterised multisensory interactions in neurotypical (NT) populations using simple low-level stimuli. Typically these tasks involve participants responding to stimuli presented in one modality which may then be influenced when stimuli from a different modality are introduced. Two such tasks are the flash-beep illusion (Shams, Kamitani, & Shimojo, 2000) and the crossmodal congruency task (CCT; Spence, Pavani, & Driver, 1998) . The flash-beep illusion is an audio-visual task where participants perceive multiple (illusionary) flashes when presented with multiple beeps (Shams et al., 2000; Shams, Kamitani, & Shimojo, 2002) . Report of the illusion is used as a measure of audio-visual interactions. The CCT is a measure of the interaction between vision and touch; participants typically judge the elevation of vibrotactile stimuli presented at the top and bottom of a foam cube while presented with near simultaneous visual distractors. Participants are faster and more accurate when these distractors are congruent with the target vibration (flash and vibration at the same elevation). Conversely, reaction times are delayed, and error rate increased for incongruent stimuli (flash and vibration at different elevations). The congruency effect (CE) is the difference in performance between congruent and incongruent trials and is used as a measure of visual-tactile interactions. A number of studies have indicated that these multisensory interactions measured using the CCT and flash-beep illusion increase when stimuli occur close together in time and space (e.g. Shams et al., 2002; Shore, Barnes, & Spence, 2006; Spence, Pavani, & Driver, 2004) . That is, multisensory interactions are temporally and spatially modulated.
There is evidence that low-level multisensory processing is typical in adults with ASC. The illusory flash-beep percept has been reported on a similar proportion of trials by participants with ASC and matched NT controls (Keane, Rosenthal, Chun, & Shams, 2010; van der Smagt, van Engeland, & Kemner, 2007) . Adults with ASC and NT have also produced a similar performance enhancement on a visual search task accompanied by task-irrelevant auditory information (de Boer-Schellekens, Keetels, Eussen, & Vroomen, 2013 ; although see Collignon et al., 2013) . However, a recent study has indicated that the illusory flash-beep percept is experienced less frequently in children with ASC than NT controls . Furthermore, children with ASC do not show typical performance enhancements when presented with multisensory stimuli over what would be expected if the stimuli were processed independently (Brandwein et al., 2013) .
Further differences have been reported in participants with ASC relative to NT when the temporal presentation of audio-visual stimuli has been manipulated. Children with ASC exhibit multisensory effects over a range of stimulus onset asynchronies (SOAs) which is twice the size of that seen in NT children (Foss-Feig et al., 2010; Kwakye, Foss-Feig, Cascio, Stone, & Wallace, 2011) . Evidence of multisensory interactions have been reported up to around ±150ms SOA in NT children and ±300ms for children with ASC (where negative SOA indicates that beeps preceded the visual target). This suggests that the temporal modulation of audio-visual information may be altered in ASC. However, a study of adolescents and young adults using a number of audio-visual tasks indicated that temporal modulation was statistically indistinguishable from controls (de Boer-Schellekens et al., 2013) . In summary, low level audio-visual interactions appear to be altered in children with ASC, but similar when ASC and NT adults are compared. The current study is the first to explore the spatial modulation of multisensory stimuli in ASC, in addition to temporal modulation.
The following experiments are also the first to investigate low level visual-tactile interactions in ASC. A recent study examining tactile temporal order judgements between the hands has indicated that children with ASC do not produce the typical performance detriment when their hands are crossed (Wada et al., 2014) . Although this is a purely tactile task, the hands crossed effect has been attributed to the visual frame of reference affecting tactile perception, which suggests that this multisensory effect may be atypical in ASC. It is important to investigate visual-tactile processing as abnormalities may contribute to an aversion to being touched in ASC (see O'Neil and Jones, 1997) , and could have implications for the alterations in motor control seen in ASC (Gowen & Hamilton, 2013) . Visual-tactile interactions can provide a proxy measure of how near body (peripersonal) space is represented; being more likely to occur when visual stimuli are presented within the peripersonal space surrounding the hand (see Spence, Pavani, Maravita, & Holmes, 2004) . Peripersonal space plays a subtle, but important role in social interaction. Typically we do not allow strangers to encroach our peripersonal space, and it can be disturbing if they do so. The representation of peripersonal space in ASC may affect higher level social behaviour, for instance, in maintaining socially appropriate distances (see Lloyd, 2009 ).
We explored two aspects of visual-tactile processing in a sample of adult participants with ASC and matched NT controls. Firstly, we aimed to determine whether the temporal modulation of visual-tactile interactions is disrupted in participants with ASC, as has previously been reported for audio-visual interactions (Foss-Feig et al., 2010; Kwakye et al., 2011; . Secondly, we sought to provide novel insight into the spatial modulation of multisensory interactions in ASC. In order to do so, we used an adapted version of the CCT (Spence et al.,1998) , somewhat analogous to the flash-beep illusion (Poole, Couth, Gowen, Warren, & Poliakoff, 2015) . Participants were asked to judge whether they felt a single or double tactile pulse while presented with distracting light flashes (Holmes, Sanabria, Calvert, & Spence, 2006) . Distractors were congruent (e.g. one pulse, one flash) or incongruent (one pulse, two flashes). As with the typical version of the task, the difference between the congruent and incongruent conditions gives the CE. In the present version of the task, unisensory (tactile) performance was measured and thresholded so that performance across participants was fixed at around 75% accuracy. There were a number of reasons for adopting this technique: firstly, any confounds relating to differences in tactile performance that may exist between the groups were removed (Blakemore et al., 2006; Puts, Wodka, Tommerdahl, Mostofsky, & Edden, 2014) .
Furthermore, tactile thresholds have previously been found to positively correlate with autistic traits in NT participants (Poole et al., 2015) , and presenting stimuli at each participant's threshold should also reduce variability in tactile performance within the control group. Secondly, this enabled the CE to be measured through error rates rather than reaction times. Reaction time data can be variable in participants with ASC (Geurts et al., 2008) and this could potentially mask any differences in multisensory processing between the groups. Finally, comparing performance in conditions including visual distractors to unisensory performance provides an additional measure of multisensory interactions, specifically facilitation effects driven by congruent distractors can be separated from interference effects in response to incongruent distractors.
Method
Participants 18 participants with ASC (2 female) plus 18 NT controls matched for age, sex, handedness and IQ took part in the study. A previous study reported a significant effect of temporal and spatial modulation of visual-tactile interactions in 13 NT participants (Poole et al., 2015) . In the present study we aimed to exceed this sample size to find a between groups effect and account for the heterogeneity likely in participants with ASC. Participants were recruited through adverts in the local community, the Autistic Society Greater Manchester and Tameside Autism Network. All ASC participants had previously received a diagnosis through clinical assessment (DSM IV criteria, APA, or ICD-10). Diagnosis was confirmed using module 4 of the Autism Diagnostic Observation Schedule (ADOS-2; Lord, Rutter, DiLavore, & Risi, 2012) by a certified assessor. ADOS severity scores ranged from 5 -12: n = 6 reached the criteria for autism, n = 11 for autism spectrum and n = 1 did not reach the cut-off for an ASC 1 . Autistic traits were measured in our NT sample using the Autism Spectrum Quotient (AQ; Baron-Cohen, Wheelwright, Skinner, Martin, & Clubley, 2001) . AQ responses ranged from 9 -28. No participants exceeded the cut-off of 32 which is believed to indicate clinical significance. All participants had a full scale IQ > 80 measured using the Wechsler Abbreviated Scale of Intelligence (WASI, Weschler, 1999) and were aged 19-42 (see Table 1 for participant characteristics). Four participants with ASC and four controls were reported as left handed using the Edinburgh Handedness Inventory (EHI, Oldfield, 1971) . All participants had normal or corrected to normal vision (6/6 vision in both eyes as measured using Snellens test of visual acuity), and 60s arc stereo acuity as measured using the TNO test. No participant reported a history of a visual disorder. All participants gave written consent and the study was approved by the University of Manchester ethics committee in accordance with the Declaration of Helsinki.
One participant with ASC (female, right handed) was excluded from Experiment 2 prior to analysis due to responding randomly through fatigue (baseline accuracy rate = 40%), and was unavailable to return for a second session. <Table 1 goes here>
Apparatus
Participants sat at a desk in a dimly lit room and were instructed to focus on a central fixation point, consisting of a white cross (19 mm) on a computer monitor, displayed approximately 30° below eye level and approximately 45 cm from the participant. A mirror was angled above the participant that allowed the experimenter to ensure that central fixation was maintained.
1 The pattern and statistical significance of results was unaffected by removal of the participant that did not reach the ADOS cut-off. This participant is included in the analysis presented here.
A bone conductor (Oticon Limited, B/C 2-PIN, 100Ω, Hamilton, UK), which is a type of device commonly used as a hearing aid, was used to present tactile stimuli (vibrations) to the participant's finger. The bone conductor was embedded within a 70 mm foam cube that participants held between the thumb and forefinger of their dominant hand. The cube was positioned 140mm from the midline, approximately 90° degrees below eye level. The participant's index finger was attached to the bone conductor using double-sided adhesive tape. The bone conductor was driven by sound files (white noise, ~66dB SPL) from a PC through a Tacamp amplifier (Dancer Design, St. Helens, UK) to create the tactile vibration. Six 10mm red LEDs, were affixed in symmetrical locations around the monitor.
The LEDs were visible through 10mm holes in a black cardboard shield which surrounded the monitor. This enabled the presentation of distractors from multiple locations, while controlling for position in 3D space. Each LED was 29cm from the fixation cross: one LED positioned above the bone conductor, one LED 21cm above the conductor offset at an angle of 10˚, and one LED 42cm directly above the bone conductor. Three LED's were fixed in symmetrical positions on the opposite side of the monitor, allowing identical positioning for left handed participants (Fig 1) .
White noise (~75dB SPL) was played through headphones throughout the experiment to prevent the participant from hearing sounds emitted by the bone conductor. The participant's foot rested with the heel and toe each depressing a foot pedal, throughout the experiment. Responses were recorded when the participant lifted the heel or toe. <Figure 1 goes here>
Procedure
To confirm sensory symptoms in our ASC sample all participants completed the Adolescent/ Adult Sensory Profile (AASP; Brown & Dunn, 2002) . The AASP is a self-report Likert style questionnaire measuring trait sensory processing. Items are divided into four quadrants (low registration, sensation seeking, sensory sensitivity and sensation avoiding), across categories of sensory processing e.g. touch processing (see Table 1 ).
Threshold procedure

A B
To fix unisensory tactile performance at around 75% accuracy experimental stimuli were delivered at approximate threshold level determined prior to the experimental procedure. Participants received two successive tactile stimuli in a two interval forced choice procedure using a constant (single) vibration and two separate (double) 80ms vibrations separated by a 0-200ms period of silence. The participant was instructed to indicate which interval contained the double vibration. An adaptive staircase procedure (PEST; see Taylor & Creelman, 1967 ) was used to determine the duration required between two vibrations for the participant to correctly identify a double pulse 75% of the time. Further details are provided in supplementary materials.
Experimental Procedure
Participants were asked to make speeded responses upon the presentation of a target vibration, responding by lifting their toe in response to single pulses, and heel in response to double.
Throughout the experimental procedure, vibrations were presented at threshold level for that participant. The task included both baseline trials and trials with task irrelevant distracting LED light flashes, which were either congruent (e.g. single vibration, single light flash) or incongruent (e.g. single vibration, double light flash). Participants were explicitly instructed to ignore the light flashes as much as possible.
The central white fixation cross remained onscreen throughout the session, however, the start of each trial was indicated by a larger, silver version of the cross (24mm) appearing for 750ms. After a further 750ms the target stimulus was delivered. Distracting light flashes were presented at SOAs according to the conditions described below. For single flashes the LED was stimulated for 80ms, double flashes comprised two single 80ms flashes separated by 120ms. If the participant responded before the presentation of the vibration, the trial was discounted and the error message 'Too early' was presented for 1000ms. There was an inter-trial interval of 1500ms following the participant's response.
Distractor and baseline unimodal trials were intermixed. In Experiment 1, the distractor lights were always presented from the 0cm position. There were 9 conditions: distractors (congruent, incongruent) x SOA (-30ms, 100ms, 200ms and 400ms), plus baseline. In Experiment 2 the distractor lights were always presented at -30ms SOA. There were 9 conditions: distractors (congruent, incongruent) x position (0cm, 21cm, 42cm, and 42cm on the opposite side, referred to herein as 42cm_opp) plus baseline trials. Both experiments consisted of four experimental blocks of 90 trials, in which each condition was presented 10 times in a randomised order, with half of these trials being single vibrations and half double. This gave a total of 360 trials, with 40 trials in each condition. An enforced break was included after each block. Participants completed the AASP during a substantial break between the experiments. The order of testing was counterbalanced within the groups to avoid either experiment being unduly affected by fatigue or practice effects.
Practice procedure
Before the experimental procedure began, there were three practice blocks to familiarise participants with the task and ensure that the threshold procedure had worked effectively. The protocol for the practice procedure is provided in supplementary materials.
Visual task
At the end of the experiment there was a short visual task to ensure all participants could detect single and double light flashes at each location. There was no difference in performance between the groups, see supplementary materials for more details.
The entire experiment lasted approximately two hours.
Data analysis
Performance accuracy was calculated for each participant in each condition. Trials longer than 2000ms (Experiment 1; ASC (3.05% of trials), NT (0.01%). Experiment 2; ASC (1.67%), NT (0.37%)), or under 150ms (Experiment 1: ASC (1.33%), NT (0.24%). Experiment 2; ASC (1.33%), NT (0.17%))
were removed from analysis. These errors were likely caused by lapses in attention or foot pedal errors and were not included in the error rate (Holmes, Sanabria, Calvert, & Spence, 2007; Shore et al., 2006) . Data point outliers ± 2SD from the group mean of that condition were replaced with the maximum or minimum value ± 2%. Error rates were used to calculate the CE, which is given by deducting the errors in incongruent from congruent trials. In Experiment 2 a square root transformation was used to correct positive skew in the CE data (Shaprio -Wilks p > .023). Mixed
ANOVAs were used to compare the CE between the groups and at each SOA (Experiment 1) or position (Experiment 2). Significant effects and interactions were followed up with paired sample ttests. Multisensory performance was also contrasted with unisensory performance, using paired sample t-tests to compare accuracy in each condition with the baseline condition of that experiment (Fig 3) . In an additional analysis Pearson's correlation coefficients were calculated to investigate the relationship between NT participant's responses to items on the AASP and AQ. The relationship between AQ scores, tactile thresholds and the size of the CE in each SOA and position were also explored using Pearson's correlation coefficients. Data point outliers ± 2 SD from the mean were replaced with the minimum/ maximum value ± 2.
Results
Temporal Separation Thresholds
Tactile temporal separation thresholds revealed no significant group differences for the temporal or spatial tasks (Table 1) .
Experiment 1: Temporal Manipulation
The CE was larger for distractors presented at -30ms than at later SOA (Fig 2) . The Group x SOA interaction was the critical test to determine whether the temporal modulation of visual-tactile interactions differed between the groups, but this interaction was not statistically significant. =.49, p =.622, d = 0.12). The interaction between Group and SOA, was not significant (F (3,102) = .88, p = .453, η p 2 = .025) indicating that the congruency effect across the SOA was similar between the groups.
Paired sample t-tests (Bonferroni corrected, α =.006) were conducted to compare performance of congruent and incongruent distractors with baseline performance (Fig 3) .The effects of the distractors were similar for each group with (near) simultaneous incongruent distractors leading to an increased error rate. Participants with ASC produced an error rate significantly greater than baseline to incongruent distractors presented at -30ms (t (17) = 3.19, p < .005, d = 0.92). There was a trend towards congruent distractors presented at 200ms (t (17) = 2.33, p = .033, d = 0.80) and incongruent distractors presented at 400ms (t (17) = 2.75, p = .014, d = 0.41) producing a lower error rate than baseline. No other differences reached statistical significance (t < 2.04, p < .058). NT participants produced an error rate significantly greater than baseline to incongruent distractors presented at -30ms (t (17) = 5.22, p < .001, d = 1.76) and 100ms (t (17) = 3.17, p = .006, d = 0.88). No other differences reached statistical significance (t < 1.06, p > .304).
Experiment 2: Spatial Manipulation
The CE was marginally larger for the distractors presented by the participants hand than at more distant positions (Fig 2) . The Group x Position interaction was the critical test of differences in spatial modulation of visual-tactile interactions between the groups. There was a trend towards a between group differences in the size of the CE across the positions, but this was not statistically significant. Group was approaching significance (F (3, 99) = 2.51, p =.063, η p 2 =.071) suggesting that the effect of position on CE tended to differ between participants with ASC and NT.
Paired sample t-tests (Bonferroni corrected, α =.006) were conducted to compare performance in each condition with baseline performance (Fig 3) . Incongruent distractors positioned close to the stimulated hand lead to an increased error rate for both groups, but participants with ASC also produced this effect to the distractor in the opposite hemispace. Participants with ASC produced an error rate significantly greater than baseline to incongruent distractors presented at 0cm (t (16) = 5.78, p < .001, d = 1.34), 21cm (t (16) = 4.57, p < .001, d = 1.14) and 42cm_opp (t (16) = 3.42, p = .003, d = 0.98). The increase in error rate in response to the 42cm light was approaching significance (t (16) = 2.97, p =.009, d = 0.83). No other differences reached statistical significance (t < 1.37, p > .189). NT participants produced an error rate significantly greater than baseline to incongruent distractors presented at 0cm (t (17) = 3.43, p = .003, d = 0.86) and 21cm (t (17) = 3.49, p = .003, d = 0.83). The difference was approaching statistical significance for distractors presented at 42cm (t (17) = 2.86, p =.011, d = 0.61) and 42cm_opp (t (17) = 2.67, p = .016, d = 0.60).
< Figure 2 goes here> <Figure 3 goes here>
AQ scores
Pearson's correlation coefficients (Bonferroni corrected α = .013) were calculated to investigate the relationship between AQ scores and AASP scores (see Figure S2 in the supplementary materials).
There was no significant correlation with sensory seeking items (r = -.20, p = .431), low registration items (r = .49, p = .037) or sensory sensitivity items (r = .48, p = .043). There was a moderate to strong positive correlation with sensory avoidant items (r = .67, p = .002).
Pearson's correlation coefficients (Bonferroni corrected α = .025) were calculated to investigate the relationship between AQ score and both tactile thresholds and CEs. AQ score did not correlate significantly with thresholds in Experiment 1 (r = .38, p = .116) or Experiment 2 (r = .26, p = .299), or with the size of the CE for any SOA, or position (r < .33, p > .178; see Figure S2 in the supplementary materials).
Discussion
The current study compared the temporal and spatial modulation of visual-tactile interactions between adults with high-functioning ASC and a matched NT control group. Evidence of altered sensory function was confirmed in participants with ASC using the AASP (Brown & Dunn, 2002) . Compared to NT participants, those with ASC rated low registration items significantly more highly and sensory seeking items significantly lower (see Table 1 ). There was no significant difference in tactile temporal separation thresholds between the groups. In the temporal task (Experiment 1), the congruency effect (CE) was significantly larger when stimuli were presented near simultaneously (-30ms) than at all other stimulus onset asynchronies (SOA) for both groups. Comparisons with a unisensory baseline revealed evidence of multisensory interactions at -30ms and 100ms for NT, but only -30ms for ASC participants. The NT group exhibited a significantly increased error rate to incongruent distractors presented 100ms after the target in comparison to baseline trials, but this was absent in the group with ASC. In the spatial task (Experiment 2), the congruency effect was significantly larger for visual stimuli presented 0cm and 21cm compared to 42cm from the participant's hand. The baseline analysis revealed evidence of multisensory interactions for participants with ASC for visual stimuli presented 0cm and 21cm from the participant's hand and at a position 42cm from the participants hand in the opposite hemispace. NT participants produced this effect only for visual distractors positioned at 0cm and 21cm.
The between-group differences in trait sensory processing as measured by the AASP is consistent with previous self-reports in high-functioning adults with ASC (Crane et al., 2009 ). Furthermore, there was a significant positive correlation between AQ score and sensory avoidance in the control group.
This is in line with recent research which has suggested that autistic traits may be associated with altered sensory functioning in the NT population (Horder, Wilson, Mendez, & Murphy, 2014; Robertson & Simmons, 2013) . It is important to characterise NT participants used as a control group since individual differences in sensory and autistic traits may potentially mask between-group differences on behavioural measures. However, it should be noted that there were no significant correlations between AQ scores and tactile thresholds (although see Poole et al., 2015) , or the size of the CE at each SOA and position. This suggests that the null effect of group on the temporal modulation of visual-tactile interactions in Experiment 1 was not driven by the NT participants who reported above average levels of autistic traits.
Tactile stimuli were presented at threshold in an attempt to equate the task difficulty between, and within, the participant groups (Poole et al., 2015) . To determine tactile thresholds we utilised a nonspatial task which relied on participant's ability to separate vibrotactile stimuli in time and these thresholds did not differ statistically between the groups. Although it was not an explicit aim of the current study, this null difference contributes to the literature on the temporal processing of tactile stimuli in ASC. A previous study employed two tasks in which participants made simultaneity judgements and temporal order judgements regarding vibrotactile stimuli presented to different locations on the participant's hands (Tommerdahl, Tannan, Holden, & Baranek, 2008) . Adults with ASC produced higher thresholds than NT controls on both tasks when stimuli were delivered to the same hand, suggesting that longer durations were required to separate the vibrations (although see Puts et al., 2014, for different findings in children) . When stimuli were presented to different hands, performance was comparable to controls. It may be that the ability to separate vibrotactile stimuli in time is intact in adults with ASC, but issues arise when separating stimuli that occur at different positions on the same limb. The issue of how time and space interact when individuals with ASC process tactile stimuli merits further investigation.
Typical audiovisual temporal modulation has previously been reported in adolescents and young adults with ASC (de Boer-Schellekens et al., 2013) and the current study extends this to the visualtactile modalities. Both groups produced a typical temporal profile of visual-tactile interactions previously established using the CCT (Shore et al., 2006) . Interestingly, the findings from the baseline analysis suggest, that if anything, temporal modulation was stronger in participants with ASC. These findings contrast with reports of multisensory interactions in children with ASC over a range of SOAs double in size to NT children (Foss-Feig et al., 2010; Kwakye et al., 2011) . The temporal modulation of multisensory interactions appears to be a complex developmental process, maturing across childhood and into late adolescence in the NT population (Hillock-Dunn & Wallace, 2012) . Therefore, a developmental delay in the temporal modulation of multisensory interactions in ASC may account for these apparently contradictory findings (see also, .
Although it is also plausible that compensatory strategies, for instance top-down attentional mechanisms (Talsma, Senkowski, Soto-Faraco, & Woldorff, 2010) , may have been established by adulthood. Top-down selection may 'step-in' to regulate how multisensory stimuli are processed when separated in time, perhaps driven by the strength of association between pairs of stimuli. Further work is required to confirm if, and when, temporal modulation stabilises in ASC.
We also investigated spatial modulation of multisensory interactions in ASC for the first time and provide preliminary evidence that this may be affected 2 . Both groups made significantly more errors in comparison to baseline when incongruent distractors were presented next to or 21cms away from 2 A post-hoc power analysis on the trend towards an interaction for Group x Position suggests a sample of 20 participants in each group would be required to find a statistically significant effect where β = 0.84. the stimulated hand. Participants with ASC also showed this effect when distractors were presented in the opposite hemispace (the 42cm_opp position). However, there was considerable variability in performance in Experiment 2. Both groups of participants made more errors in response to the distractors in Experiment 2 than Experiment 1, and between-participant variability was much larger.
Thus, selectively attending to touch in the presence of visual distractors presented at multiple, unpredictable locations (Experiment 2) appears to be more demanding than when distractors are presented in a predictable location, at different time points (Experiment 1). These task demands may have disproportionately affected the participants with ASC and thus the measurement of spatial modulation in this population, so it will be important to replicate this finding using a different task.
Nevertheless, we consider explanations for this potential alteration in spatial modulation below.
The current findings could reflect a specific difficulty in the spatial processing of cross-modal stimuli.
The spatial modulation of visual-tactile interactions has previously shown to be affected in healthy ageing (Poliakoff, Ashworth, Lowe, & Spence, 2006) . Older participants, aged over 76, produced statistically comparable CEs to distractors presented at the opposite and stimulated hand. Individuals with ASC may have similar issues appropriately modulating visual-tactile interactions. This might imply that the representation of peripersonal space around the hand is extended into the contralateral hemispace in participants with ASC. Where responses to extraneous stimuli are not effectively modulated or inhibited, perceptual estimates are likely to be noisy. Increased noise is believed to contribute to sensory symptomology in ASC (Pellicano, 2013) , for instance, vision may have an atypical effect on the experience, or expectation of being touched. Our findings also fit with the recent observation that tactile judgements are less affected in participants with ASC when the arms are crossed over the body midline (Wada et al., 2014) . This suggests that tactile spatial representations may be less affected by a visual frame-of-reference in ASC.
It is also important to consider a more general attentional account for the influence of more distant distractors in the ASC group. One possibility is that this finding reflects a difficulty in selectively attending to one location that can also be observed purely within the visual modality (Burack, 1994) .
Alternatively, participants with ASC may process the more distant distractor as they have a higher perceptual capacity (Remington, Swettenham, & Lavie, 2012; Remington, Swettenham, Campbell, & Coleman, 2009 ). Identifying the mechanisms which produce the increased processing of distant distractors will help improve our understanding of sensory processing in ASC. Therefore, future research should examine whether similar effects are observed within and across sensory modalities, exploring different attentional mechanisms such as spatial attention, multisensory selective attention and perceptual load.
In summary, the present study has revealed intact temporal modulation of visual-tactile interactions in a group of adults with ASC with self-reported sensory symptoms. This extends the characterisation of the temporal aspects of multisensory interactions in ASC to visual-tactile interactions in an adult sample. We also provide evidence that the spatial modulation of these interactions may be altered in ASC. Further studies are needed to replicate this effect using different tasks and to explore whether this reflects a more general attentional effect or a specific change in visual-tactile processing, which may relate to how people with ASC represent the space around their body. 
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